We conducted a study of Prosartes parvifolia S. Watson, a rare Siskiyou Mountains endemic, currently known from only 15 sites in Del Norte Co., California, and Curry and Josephine counties, Oregon. We found that P. parvifolia is (a) fertile, (b) probably not of hybrid origin, and (c) distinct and worthy of recognition as a species. Unlike congeners, its flowers produce ovaries with a single locule, and are pollinated by bees that buzz pollen from connivent anthers. Nectar is not produced. We provide an expanded description, illustrations, and distribution map for P. parvifolia as well as a key to the Prosartes of northwestern California and southwestern Oregon.
Prosartes D. Don is small genus of North American reticulate-veined Liliaceae formerly treated as part of the Asian genus Disporum (Jones 1951; Utech et al. 1995) . Sereno Watson (1880) described P. parvifolia S. Watson, a species with small campanulate flowers from the Siskiyou Mountains. Although Howell (1903) , Jepson (1909) and Peck (1961) accepted P. parvifolia as distinct from P. hookeri Torr. and P. smithii (Hook.) Utech, Shinwari & Kawano, other authors have regarded it as either a sterile hybrid between these two more widely distributed taxa (Jones 1951; Munz 1959) or as a minor variant of P. hookeri (McNeal 1993; Utech 2002) . A recent discovery of a small population near Bear Basin Butte in Del Norte Co., California, prompted a re-examination of the taxonomic status of P. parviflora. Here we provide an expanded description of the species, and show that it is fertile, clearly distinct from the other five members of the genus, and probably quite rare.
TAXONOMIC STATUS Jones (1951) regarded Prosartes parvifolia as a probable hybrid between P. hookeri and P. smithii because ''it occurs in an area where these overlap, it is morphologically intermediate between them, and it is sterile''. In contrast, Utech (2002) argued that the ''the known variation in P. hookeri unquestionably encompasses the morphology described for P. parvifolia.'' However, P. parvifolia is not intermediate between P. hookeri and P. smithii, nor does it combine the traits of these two species in the mosaic-like fashion expected of a later-generation recombinant (Figs. 1, 2; Table 1 ; see next section). Moreover, flowers produce well-formed, apparently viable pollen, and although the ovaries of some flowers are abortive, we have observed fruits with fully filled seeds as well as seedlings at several sites. Thus, a hybrid origin seems unlikely. Although P. parvifolia resembles P. hookeri vegetatively, the two species differ consistently for several qualitative characters (Fig. 2, Table 1 ). In addition, they are sympatric at several sites without intergradation.
FLORAL MORPHOLOGY, POLLINATION BIOLOGY, AND RELATIONSHIPS
Prosartes parvifolia differs from other Prosartes in floral morphology and pollinator reward. Species in the genus form three groups based on floral plan. (1) P. hookeri, P. languinosa (Michx.) D. Don, P. maculata (Buckley) A. Gray, and P. trachycarpa S. Watson have more-or-less spreading tepals comprising a turbinate to open perianth and long filaments with exposed anthers well separated from the style and stigma (Fig. 2D) . The base of each tepal is nectariferous and deeply concave. (2) The tepals of P. smithii likewise produce nectar at their concave bases, but the tepals are erect and reflexed only at the tip, forming a more-or-less cylindrical perianth with a narrow opening. The erect filaments position the anthers inside the perianth tube just below the stigmas (Fig. 2G) . (3) The tepals of P. parvifolia form a campanulate perianth ( Fig. 2A) . In contrast to the other five species, the tepals are not strongly concave at the base, and do not produce nectar. The bases are flat or shallowly concave with a lustrous green patch contrasting sharply with the white perianth. The filaments are short and erect, and the anthers form a loose cone around the base of the style, well below the stigma (Fig. 2B) . The anthers are introrse.
In northern California, flowers of P. hookeri and P. smithii are pollinated by bees (mainly Bombus) which probe tepal bases for nectar and MADROÑ O, Vol. 57, No. 2, pp. 129-135, 2010 collect pollen either passively or actively (Mesler personal observations) . Although the shiny green tepal patches of P. parvifolia resemble nectaries, the flowers offer only pollen as reward. On three separate occasions (in different populations), we witnessed bumblebees buzz pollen from the anther cone as in sympatric Ericaceae (Gaultheria shallon Pursh, G. ovatifolia A. Gray, Vaccinium ovatum Pursh) (Mesler personal observations) .
Prosartes parvifolia differs most strongly from other Prosartes species in gynoecial morphology. The ovary has a single locule (not three) that produces 1 to 4 ovules (usually 2), which are attached near the base of a parietal placenta. The ovules are held erect so that the raphe lies next to the placenta and the micropyle faces down (hypotropous-ventral; see Simpson 2006, Fig. 11.14) . In contrast the ovules of P. hookeri and P. smithii are pendent from the top of an axile placenta; the raphe faces the placenta but the micropyle points up (epitropous-ventral). The ovules of P. lanuginosa appear to be likewise epitropous-ventral. The ovules of P. trachycarpa and P. maculata have been described as horizontal (Jones 1951; Utech 2002) , with the micropyle below the funiculus (Jones 1951 ). An alteration in orientation (horizontal to erect) could convert such a pleurotropous-dorsal organization to the hypotropous-ventral plan seen in P. parvifolia (Simpson 2006 , Fig. 11 .14). The fact that the ovaries of P. parvifolia are relatively small and even abortive in some flowers, coupled with routine fruit abortion, probably contributed to the conclusion of some authors (e.g., Abrams 1923; Jones 1951; Munz 1959 ) that the species is completely sterile.
The fleshy fruits of P. parvifolia typically produce two seeds, unlike other species in genus, which (except for P. lanuginosa) usually produce at least one seed per ovary locule (Jones 1951; Utech 2002) . Developing fruits are strongly asymmetrical and remain slightly so at maturity, with the stylar scar offset from the tip. This asymmetry in conjunction with parietal (vs. central or basal) placentation suggests that the unilocular condition of P. parvifolia has resulted from suppression of two of the three original locules as opposed to the loss of septa to form a common chamber. Detailed anatomical and developmental studies will be needed to verify this interpretation.
The strongly divergent floral traits of P. parvifolia make it difficult to assess its relationships to other members of the genus, but there is currently no reason to suspect a close affinity with P. hookeri, the prior taxonomic connection between the two taxa notwithstanding. The orientation of ovules of P. maculata and P. trachycarpa and their glandular trichomes provide some hint of relationship with P. parvifolia, but resolution of the issue awaits molecular phylogenetic study and determination of chromosome number.
KEY TO PROSARTES OF NORTHWESTERN CALIFORNIA AND SOUTHWESTERN OREGON
The following key allows reliable separation of Prosartes hookeri, P. parvifolia, and P. smithii in northern California and southwestern Oregon. Vestiture traits are especially useful in the field because the diagnostic glandular hairs of P. parvifolia are seen easily on both juveniles and adults, and they persist throughout the season. However, these hairs shrink and twist upon drying, making their glandular character obscure on herbarium specimens. Plants 10-75 cm tall, sometimes clumped, from deeply buried, often vertically oriented rhizomes; flowering individuals with 1 to several aerial shoots, each with 1 to 9 spreading (shade) to strongly ascending (sun) main branches, these branched 0 to 4 times. Stems densely glandular pubescent, with slender multicellular glandular hairs and shorter, eglandular, clavate hairs; base of stem with 2-4 densely pubescent cataphyll bracts, these sometimes subtending the first or second main branch. Foliage leaves sessile; blade broadly ovate to lance-ovate, less often lanceoblong or elliptic, flat (shade) or strongly folded (sun), 1.8-5.3 cm long, 0.6-3.4 cm wide; apex acute to acuminate, base rounded to cordate, symmetrical to slightly oblique, often +/2 clasping (especially when subtending major branches), both surfaces with slender, erect multicellular glandular hairs especially along veins; margins flat or undulate (sun), with slender, spreading, multicellular, glandular hairs. Inflorescences with 1-4 flowers; pedicels 4-10 mm long, densely pubescent, with multicellular glandular hairs. Flowers 8-10 mm long, 6-8 mm wide, pendent, bright white, campanulate to narrowly campanulate; base of perianth tapered; tepals elliptical, broadly concave, apex recurved, acute, base weakly gibbous, shallowly concave abaxially or +/2 flat, with a rounded or quadrate shiny dark green patch; outer tepals 9-10 mm long, 3-5 mm wide; inner tepals 9-10 mm long, 2-4 mm wide; stamens subsessile, +/2 erect, forming a loose cone around the style; filaments short and broad, 0.4-0.8 mm long, 0.4 mm wide; anthers lanceolate, introrse, basifixed, 3.6-4.3 mm long, 0.8 mm wide, apex narrowly acute, base sagittate; pollen white; style 8-10 mm long, sparsely pubescent or glabrous at base, not centered on apex of ovary, slightly curved, exserted #1 mm or slightly included, tip very obscurely cleft on one side; ovary small (sometimes abortive), pubescent to sparsely pubescent at top, 0.9-1.0 mm long, 0.7-1.0 mm wide, weakly angled, asymmetrical (flat or grooved on one side, convex on the other), with one locule and 2 (3) ovules; placenta parietal; ovules erect, hypotropous-ventral. Fruits fleshy, orange to orange-red, slightly flattened, not expanded equally around pedicel-style axis; stylar scar displaced to one side of apex, 10-13 mm long, 8-10 mm wide; seeds (1) 2 (3), white, 5.5-6.5 mm long when fresh. Plants grow on various metamorphic substrates (not ultramafic soils) in shaded forest understories and forest edges as well as on adjacent exposed roadside slopes and at logged and burned sites, at elevations from 600 to Prosartes parvifolia qualifies as rare, at least by virtue of its very narrow geographical distribution. Currently it is known from only 15 locations spread over an area of about 525 km 2 ; the most distant pair of sites is separated by only 40 km (Fig. 3) . We have re-discovered all of the historical collection areas with the exception of the type locality and a site visited by Kruckeberg in 1950 (see Specimens Examined, Josephine Co., OR) on the east side of the Kalmiopsis Wilderness that probably lies slightly north of populations we found near Buckskin Peak. Based on field reconnaissance in 2006-2009, we estimate fewer than 500 reproductive-age individuals across the 15 known sites. Our estimates may be conservative since a good deal of the roadless, rugged terrain in the Siskyou/Klamath region remains poorly explored botanically (J. Sawyer, Humboldt State Univ., personal communication). Nevertheless, if such a distinctive taxon were truly abundant, we believe the many avid botanists who have worked in the area would have encountered it much more commonly.
SPECIMENS EXAMINED
The factors responsible for the apparent rarity of P. parvifolia are unknown. The species is not a strong habitat specialist. It occurs across a wide range of elevations on a variety of relatively productive substrates in association with varying mixes of trees, in both shade and sun. The same habitat settings are common throughout the Klamath and adjoining Coast Range Mountains. Logging and road construction may have contributed to population declines, but the paucity of early collections suggests that the species may have been rare historically. The largest, most floriferous plants grow on otherwise bare mineral substrate along road cuts, and the largest known population occupies a recently cut and burned Douglas fir forest. Pollination deficits might be expected given small population sizes, but we have found isolated individuals with heavy fruit crops. The major threats facing P. parvifolia appear to be its limited distribution and small population sizes.
